Epicardial fat tissue (EAT) acts as brown adipose tissue and protects the heart and coronary arteries against hypothermia. Recent studies demonstrated that EAT is a source of both anti-inflammatory and atherogenic cytokines. In this study, our aim was to investigate the association of vertical, horizontal, and area measurements of EAT thickness and their association with coronary artery disease, diastolic function, and myocardial performance index in patients who underwent coronary angiography.
Background
Epicardial fat tissue (EAT) is located over the myocardium and is enclosed by visceral pericardium. It accounts for almost 15% of the total heart weight [1] . EAT acts as brown adipose tissue and protects the heart and coronary arteries against hypothermia with non-shivering thermogenesis [2] . It functions as a buffer for trauma and tension generated by arterial pulse and is a protective framework for cardiac autonomic nerves and ganglia [3] . Above all, EAT is a metabolically active immunological organ with a potential of cellular cross-talk with myocardium. Although direct evidence is lacking, under physiological conditions, EAT may store and release of fatty acids for local energy demands of the myocardium and arterial wall, which may also help to avoid lipid accumulation in the myocytes, known as "lipotoxicity" [4] . Previous studies demonstrated that EAT is a source of both anti-inflammatory and atherogenic cytokines such as tumor necrosis factor (TNF-a), monocyte chemoattractant protein-1 (MCP-1), interleukin-6, neuronal growth factor (NGF), resistin, visfatin, omentin, leptin, plasminogen activator inhibitor (PAI-1), angiotensinogen, and anti-inflammatory and antiatherogenic adipokines such as adiponectin and adrenomedullin. Expression of TNF-a, interleukin 1, interleukin 6, visfatin, PAI-1, and MCP-1 were also found to be increased in EAT samples obtained during cardiac surgery [5] [6] [7] [8] [9] [10] [11] [12] [13] . Inflammatory infiltration of this tissue was also shown in CAD. Since there is no fascia separating EAT and myocardium, and these 2 tissues share the same microcirculation, cytokines may directly diffuse into the myocardium or arterial route through vaso vasorums [4] . Therefore, EAT has been considered to have an important role in cardiovascular physiology and in the pathogenesis of disease.
In this study, we investigated the association of vertical, horizontal, and area measurements of EAT thickness and their association with coronary artery disease, diastolic function, and myocardial performance index in patients who recently underwent invasive coronary angiography.
Material and Methods
We screened 108 patients during the study between June 2015 and July 2017. Ninety-seven of them met the inclusion criteria and were enrolled in the study. The study population consisted of patients who presented to our outpatient clinic with chest pain and whose non-invasive stress tests were positive. All participants underwent coronary angiography for the first time. Exclusion criteria included history of coronary angiogram, acute coronary syndromes, pericardial effusion in echocardiography, suboptimal image quality in echocardiography, any rhythm other than sinus, and history of chronic renal failure. Echocardiography of each patient was performed by 2 echocardiographers. The measurements of both echocardiographers were performed independently in a period less than 24 h in order to avoid changes in clinical conditions. The intraobserver and interobserver variabilities were calculated from 3 repeated measurements on recorded images within 20 days after the first analysis. A total of 3 interobserver assessments were performed during the measurements. Three repeated measurements for each patient were used for calculating intraobserver and interobserver variability. The interclass correlation coefficient (ICC) was used for estimating the strength of concordance. Table 1 indicates ICC values of each echocardiographic parameter.
On admission, detailed medical histories were obtained from the patients, including age, gender, history of diabetes, history of hypertension, smoking status, family history of premature CAD, and medications. All patients with hypertension and/or dyslipidemia and/or diabetes mellitus were treated according to the current European Society of Cardiology Guideline recommendations and there were no significant differences between groups in terms of drug type.
Prior to the angiography, blood samples were withdrawn for biochemical analysis and echocardiographic examinations were performed. All measurements were performed with the subjects in the left lateral decubitus position by echocardiography using a Vivid 7 Doppler echocardiographic unit (GE Vingmed Ultrasound, Horten, Norway) with 2.5-MHz probe. EAT thickness, horizontal width, and area were measured on the free wall of the right ventricle from the parasternal longaxis view ( Figure 1 ). E and A waves were recorded by pulsed wave Doppler evaluations and placing the sample volume on the tips of mitral valve. Pulsed wave TDI was performed at the septal mitral annulus, and myocardial and annular peak diastolic early (e') and late (a') velocities were recorded. From the apical 5-chamber view with the pulsed Doppler sample in the LV outflow tract, isovolumic relaxation time (IRT) was measured as the time from closing of the aortic valve to the opening of the mitral valve. Then, isovolumic contraction time (ICT) was measured as the time from the closing of the mitral valve to the opening of the aortic valve, and ejection time (ET) was measured as the time between the opening and the closing of the aortic valve. Finally, Tei index (myocardial performance index) was calculated using the formula: ICT+IRT/ET. Diastolic dysfunction was defined as E/e' >10, independent of parameters such as age, gender, abdominal obesity, hypertension, and diabetes.
Coronary angiography was performed using Judkins method from the femoral artery. Studies performed in this regard defined coronary artery disease (CAD) as 50% or more stenosis in at least 1 epicardial coronary artery; thus, such patients were allocated to the CAD group, whereas patients who had less than 50% stenosis were allocated to the control group. Thus, this cut-off value of 50% or more coronary artery stenosis increased the sensitivity of the current study.
Blood inflammatory markers such as hsCRP, serum interleukin 6 (IL-6), plasma alpha-1-antichymotrypsin, and homocysteine could not be studied due to excessive costs of these markers and lack of financial resources.
The study was approved by our Local Ethics Committee, and written informed consent was obtained from each participant.
All analyses were performed using SPSS 
Results
The study population consisted of 97 patients (mean age 59±10.5 years; 49 men). Baseline clinical characteristics of the patients are presented in Table 2 . The diagnosis of coronary artery disease was made in 48 subjects (49.5%) among the whole study population, who recently underwent coronary angiography in our hospital.
Mean body mass index (BMI) of the study group was 26.53±2. Table 3 . ROC analysis showed 81% sensitivity and 53% specificity for a cut-off value of 0.45, and 67% sensitivity and 71% specificity for a cut-off value of 0.55 for EAT vertical (cm) (p<0.001 area under ROC curve: 0.831676) (Figure 2 ). Neutrophil/lymphocyte ratio was also significantly higher in patients with CAD compared to patients without CAD (7.2±3.1 versus 3.0±0.9; p<0.001).
Regarding diastolic functions, E, e', E/e', and Tei index values were not correlated with EAT thickness. However, there was a weak but significant correlation between EAT thickness and E/A (Tables 4, 5 ). Multivariate analysis showed that EAT is an independent risk factor for coronary artery disease (OR: 1.5, Table 6 ). WC/HC, HDL, and triglyceride differences between groups did not reveal any correlations with EAT thickness (p=0.67, p=0.85, and p=0.43, respectively). Table 7 shows the comparison of EAT thickness according to SYNTAX (Synergy Between PCI With Taxus and Cardiac Surgery) score.
Discussion
The findings of the present study can be summarized as follows: First, EAT thickness, length, and area, measured on the free wall from the parasternal long-axis view is significantly associated with CAD. This association between the existence of CAD and EAT area and between EAT horizontal and vertical length was shown for the first time. Second, vertical thickness of 5.5 mm is 67% sensitive and 71% specific for the prediction of CAD. Third, regarding diastolic functions, EAT fat thickness is weakly but significantly correlated with E, e', and E/A, but it is not correlated with E/e' or myocardial performance index (Tei).
The association of EAT with CAD has been investigated in several studies. In the study of Chaowalit et al., they could not find a relationship between CAD and EAT [14] . However, this result is inconsistent with many other studies. CAD -coronary artery disease; EAT -epicardial adipose tissue thickness. * p<0.05=statistically significant. 
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to or thicker than 3.0 mm was an independent factor of CAD in multiple logistic analysis [17] . Another study showed EAT thickness of equal to or thicker than 5.2 mm had 85% sensitivity and 81% specificity for predicting CAD [18] . In a study conducted by the same group, women who underwent coronary angiography and who had no obstructive coronary artery disease, in contrast to traditional risk factors for atherosclerosis, EAT was the only independent predictor of microvascular dysfunction [19] . Studies with computed tomography (CT) confirmed the relationship of EAT and coronary calcium scores or CAD [20] [21] [22] . Bachar et al. found that EAT thickness of 2.4 mm was the optimal cut-off point for the prediction of significant CAD in asymptomatic subjects. It has been clearly demonstrated that EAT has proinflammatory effects. The most accepted hypothesis is that epicardial fat is a metabolically active organ with endocrine and paracrine functions. Recent studies have demonstrated that adipose tissue produces various genes related to adipokine production, which have important roles in atherosclerosis [23] [24] [25] . Epicardial fat located next to the coronary vessels may possibly provoke the paracrine effects of epicardial adipokines, as part of underlying pathogenesis of CAD. In 2014, Mazurek et al. revealed that pericoronary adipose tissue activity was significantly correlated with the plaque burden and necrotic core component of coronary plaques [26] .
There is only limited data regarding the association between EAT and diastolic dysfunction. Iacobellis et al. showed that increased EAT thickness is correlated with impaired diastolic filling and atrial enlargement in morbidly obese patients [27] . They suggested that this correlation may be due to a mechanical effect of EAT in addition to local interactions with myocardium. Cavalcante et al. evaluated 110 patients who underwent cardiac computed tomography and transthoracic echocardiography [28] . They showed that EAT volume is an independent predictor of diastolic dysfunction in apparently healthy overweight patients, even after accounting for associated co-morbidities such as metabolic syndrome, hypertension, and subclinical CAD. They also suggested that measurement of EFV adds incrementally to the prediction of diastolic dysfunction, mean e', and mean E/e'. In a study by Cetin et al., EAT -epicardial adipose tissue thickness; SYNTAX -Synergy between PCI with Taxus and Cardiac Surgery. * p<0.05=statistically significant.
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EAT was found to be significantly correlated with left atrial dimensions, diastolic dysfunction, and left ventricular mass in patients with untreated hypertension [29] . Konishi et al. also found that pericardial fat volumes were correlated with diastolic dysfunction, which was defined as E/e' >10, independent of age, gender, abdominal obesity, hypertension, and diabetes [30] . However, in our study, EAT thickness was weakly correlated with E, e', and E/A, but not with E/e'. Considering that the diagnosis of diastolic dysfunction is usually made during echocardiography, our study indicates that routine measurement of EAT would not give additional information for the prediction of diastolic dysfunction.
There are a few concerns about the evaluation of EAT with echocardiography. First, echocardiography may not be an accurate method with which to assess EAT thickness, since EAT has a 3-dimensional shape without a uniform distribution over the heart. However, in previous studies, echocardiographic EAT measurements showed a very good correlation with measurements with magnetic resonance imaging [31, 32] . Echocardiography is a part of routine assessment for most of the patients and is an inexpensive and accessible imaging modality. Moreover, no radiation or contrast administration is needed, which makes it a more appropriate tool for risk stratification. However, studies evaluating the validity and differences of the landmarks used to quantify epicardial fat thickness are still needed [33] . Second, there is controversy about when to measure EAT. Although some authors claim that it should be measured in systole because of its compressibility, this is not widely accepted, and we obtained the measurements in diastole for the sake of concordance with previous studies [15, 34] .
There are several limitations of the present study, including the relatively small study population and evaluation of diastolic function with only E, A, E', and A'. Similar to previous studies, in our study, coronary artery disease was defined as more 50% stenosis in at least 1 coronary artery. Although this is not an accurate measure of atherosclerosis severity due to the systemic nature of the disease, the aim of the present study was not to investigate the relationship of EAT thickness with the severity of atherosclerotic disease, but to rather to assess the presence of atherosclerosis. Finally, patients in the CAD group were significantly older compared to the normal coronary artery group. Mazzaccoli et al. showed that older subjects had thicker epicardial fat, indicating an increased cardiometabolic risk in the elderly [35] . Age may also be a confounding factor in our study.
Conclusions
Length and area EAT thickness measured on the free wall from the parasternal long-axis view are significantly associated with CAD. Echocardiography is an inexpensive routine assessment for most patients, and EAT thickness determined by echocardiography may provide a useful indicator of increased CAD risk, but not for diastolic dysfunction of the left ventricle. Further studies should be conducted with more diastolic parameters.
